Introduction
Cardiac hypertrophy is generally considered as a compensatory mechanism that normalizes the increased tension of the ventricular wall resulting from hypertension/pressure overload. 1 However, cardiac hypertrophy is an independent risk factor for cardiovascular morbidity and mortality, 2 which can be caused by insufficient blood supply to the hypertrophied myocardium due to reduced coronary flow reserve. [3] [4] [5] Coronary blood flow is regulated by coronary arterioles, the major resistance vessels in the heart, by adjusting their diameters to maintain a constant flow under resting conditions [6] [7] [8] [9] and to ensure adequate perfusion to meet the oxygen demand of the myocardium. 10, 11 However, the impact of hypertensive cardiac hypertrophy on coronary vasomotor function and flow regulation remains incompletely understood. Endothelial cells play a crucial role in regulating vasomotor activity by releasing vasoactive substances such as vasodilator nitric oxide (NO) 12 and vasoconstrictor endothelin-1 (ET-1). 13 The impairment of NOmediated vasodilation by elevated oxidative stress has been considered as the hallmark of endothelial dysfunction in various cardiovascular diseases including hypertension. 14, 15 Interestingly, the expression of prepro-ET-1, the precursor of ET-1, has been reported to be increased in the hypertrophied heart during the progression of hypertensioninduced cardiac dysfunction. 16 ET-1 induces vasoconstriction by increasing the intracellular Ca 2þ concentration through activation of the phospholipase C pathway and by inhibiting myosin light chain phosphatase (i.e. prolonging myosin light chain phosphorylation) through activation of rho-kinase (ROCK). 17 Although current evidence suggests the importance of ROCK in the pathophysiology of myocardial hypertrophy in hypertension, 18 its expression in the coronary microvasculature and its role in vasomotor regulation under the disease state remains unknown. In addition, ROCK activation can be associated with elevated oxidative stress, [19] [20] [21] which is known as a major risk factor for the pathogenesis of cardiovascular diseases, 15, 19, 20, 22 but its relationship with ET-1 and endothelium-dependent NO function in coronary arterioles remains unclear.
In this study, we hypothesized that the deficiency of endothelial NO, elevation of oxidative stress, and enhanced vasoconstriction to ET-1, via ROCK signalling, contribute to the coronary arteriolar dysfunction in hypertensive myocardial hypertrophy. To test this hypothesis, transverse aortic coarctation (TAC) was performed to induce cardiac hypertrophy in mice and the associated coronary blood flow changes in response to metabolic activation were assessed by ultrasound echocardiography. To directly evaluate microvascular function without the confounding influences from systemic haemodynamics and humoral factors, coronary arterioles were isolated and pressurized for vasomotor assessment using videomicroscopic tools with pharmacologic approaches. Elucidating the relationship among ET-1, ROCK, and oxidative stress in vasomotor regulation of coronary arterioles under pressure overload may help our understanding on the development of coronary deficiency in hypertensive cardiac hypertrophy.
Methods

TAC mouse
The animal procedures were approved by the Institutional Animal Care and Use Committee, Baylor Scott and White Health, and conform to the Guide for the Care and Use of Laboratory Animals (National Institutes of Health). Male C57BL/6 mice, 6-8 weeks old, were anesthetized by intraperitoneal injection of ketamine (100 mg/kg) (Hospira, USA) and xylazine (8 mg/kg) (LLOYD Laboratories, USA) mixture. A 2-3 mm left-sided thoracotomy was created at the second intercostal space without cutting the ribs. 23 Aorta between the innominate and left common carotid artery was located and looped with a 7.0 Prolene suture. With an overlaying 27-gauge needle, the aorta was then ligated. After removing the needle, the procedure produced a discrete region of stenosis in the aorta. The chest was then closed and the mice were allowed to recover. A group of sham control mice received the same procedure without ligating the aorta. The heart to body weight ratio reaches plateau at 3-5 weeks after the TAC procedure as previously described, 23 thus all the following experiments were performed at four weeks after surgery. All chemicals were purchased from Sigma-Aldrich unless otherwise noted.
Ultrasound echocardiography
Mice were anesthetized with 2.5% (v/v) of isoflurane (Piramal Healthcare, India) in 100% oxygen in a closed chamber and the anesthesia was maintained with 2% isoflurane using a nose cone. The VisualSonics Vevo 2100 system (FujiFilm VisualSonics, Canada) was used to record electrocardiogram (ECG) and cardiac imaging. Mice were taped supine to ECG electrodes on a procedure board maintained at 37 C. A MS-550D transducer with frequency of 32 MHz was used to measure left ventricular end-diastolic diameter (EDD), end-systolic diameter (ESD) and left coronary artery blood velocity (LCABV). Fractional shortening was calculated by (EDD -ESD)/EDD. To measure LCABV, the left main coronary artery was located by color Doppler and then the velocity waveform was recorded. The highest velocity during the diastolic phase was measured and defined as the peak LCABV. To measure the LCABV after metabolic activation, a group of mice received b-adrenergic agonist isoproterenol injection (5 mg/g body weight, i.p.) to increase myocardial activity. The peak LCABV was measured before (baseline) and after (treated) isoproterenol administration. The LCABV change was calculated as the ratio of treated and baseline peak LCABV and expressed as a percentage of change. Phosphate buffered saline (PBS) injection served as control. At the end of ultrasound protocols, the heart was removed, frozen immediately with liquid nitrogen and stored at -80 C for the lactate assay as described below.
Lactate assay
A commercialized lactate assay kit (BioVision, USA) was used to measure lactate concentration following the manufacturer's instructions. In brief, the left ventricular tissue was homogenized with Lactate Assay Buffer and then centrifuged at 13 000 g for 10 min. The supernatant was then passed through a 10 kDa molecular weight spin filter. Lactate concentration of the sample was measured using a colorimetric assay and the optical density was read at 570 nm by the lQuant Microplate Spectrophotometer (BioTek Instruments, USA).
Functional assessment of isolated coronary arterioles
Mice were anesthetized with ketamine (100 mg/kg) and xylazine (8 mg/ kg) and the heart was excised and placed in ice-cold saline. The techniques for identification, isolation and cannulation of coronary arterioles have been described previously. 24 In brief, the aorta was cannulated with 
Western blotting
Total protein samples were extracted from the myocardium and coronary arterioles of the left ventricle. Proteins (10 lg) were separated by 4-15% gradient SDS-PAGE (Bio-Rad, USA), electrotransfered onto nitrocellulose membrane and blocked with skim milk. Blots were probed with goat anti-ET-1 antibody (1:250, Santa Cruz, USA), rabbit anti-ROCK1 antibody (1:250, Santa Cruz, USA), rabbit anti-ROCK2 antibody (1:250, Santa Cruz, USA), mouse anti-GAPDH antibody (1:1000, Santa Cruz, USA) or mouse anti-smooth muscle actin antibody (1:1000, Sigma-Aldrich, USA). After incubation with appropriate HRP-conjugated secondary antibodies, membranes were developed by enhanced chemiluminescence (Thermo Scientific, USA). Densitometric analyses of immunoblots were performed by Quantity One software (Bio-Rad, USA).
Detection of superoxide
Myocardial tissue and coronary arterioles were isolated from the left ventricle of sham and TAC mice and then treated with ROCK inhibitor H-1152 (10 -8 M) or with PSS as control at 37 C for 2 hours. Samples were embedded in Tissue-Tek O.C.T. Compound (Sakura Finetek, USA) and cut into 10-lm thick sections using a Leica CM1850 cryostat (Leica, Germany). Sections were stained with dihydroethidium (DHE, 4 lM) for 30 min. Fluorescence images were taken using an Axiovert 200 microscope (Zeiss, Germany). Settings for image acquisition were identical for all groups. The fluorescence intensities of DHE staining were analysed by AxioVision software (Zeiss, Germany).
Data analysis
Vessel diameters were normalized to the percentage of resting diameter. Statistical analysis was performed using Student's t test, one-way analysis of variance (ANOVA) followed by Tukey's multiple comparisons test, or repeated measures two-way ANOVA followed by Bonferroni multiplerange test when appropriate. A value of P < 0.05 was considered significant. The data are expressed as means ± SEM.
Results
Cardiac function and LCABV
As shown in Table 1 , at four weeks after surgery, there was no difference in the body weight between TAC and sham mice. However, the heart weight to body weight ratio increased by 45% in TAC mice. The heart rate (HR) in TAC mice was slightly but significantly higher than that in sham mice by 9%. The left ventricular fractional shortening and the peak LCABV were decreased by 51 and 14% in TAC mice, respectively.
Metabolic activation
Intraperitoneal injection of b-adrenergic agonist isoproterenol (5 mg/g body weight) caused a simultaneous increase in HR and peak LCABV in sham mice ( Figure 1A ). Isoproterenol also induced a comparable increase in HR in TAC mice, but the peak LCABV remained unchanged ( Figure  1A ). When compared with PBS injection, isoproterenol comparably increased HR by 23 and 19% in sham and TAC mice, respectively ( Figure  1B) . However, the corresponding increase in the peak LCABV (by 23%) was only observed in sham mice ( Figure 1C ). To determine whether TAC leads to myocardial ischaemia under the resting state or after metabolic activation, myocardial tissue from the left ventricle was subjected to a lactate assay after treating with PBS (resting control) or isoproterenol. As shown in Figure 2 , the myocardial lactate level in TAC mice was significantly higher than that in sham mice under resting conditions. Administration of isoproterenol did not alter the lactate level in either sham or TAC mice ( Figure 2 ).
Endothelium-dependent, NO-mediated arteriolar dilation
Coronary arterioles isolated from sham and TAC mice developed stable and comparable basal tone (Sham: 76.4 ± 0.8% vs. TAC: 75.8 ± 0.9% of maximum diameter) at 60 cmH 2 O lumenal pressure with no difference in either resting or maximum diameter ( Table 2) . ACh induced a concentration-dependent dilation of coronary arterioles from sham mice, and this response was reversed to vasoconstriction in the presence of NO synthase inhibitor L-NAME ( Figure 3A) . Coronary arterioles from TAC mice constricted in response to ACh, and L-NAME had no effect on this vasoconstriction ( Figure 3A) . In contrast to ACh-induced responses, the vasodilation to endothelium-independent vasodilator SNP was not different in vessels from sham and TAC mice ( Figure 3B ).
ROCK-dependent arteriolar constriction to ET-1
Coronary arterioles constricted in a concentration-dependent manner to ET-1, and this response was enhanced in vessels isolated from TAC mice ( Figure 4) . In the presence of ROCK inhibitor H-1152 (10 -8 M), the vasoconstriction to ET-1 was not altered in the vessels from sham mice but the enhanced vasoconstriction to ET-1 in TAC mice was abolished ( Figure 4) . Expression of the ET-1 peptide in the myocardium was elevated in TAC mice ( Figure 5A ). The ROCK1 and ROCK2 protein expressions in coronary arterioles from TAC mice were also increased significantly ( Figure 5B ).
Myocardial and coronary superoxide production
The fluorescence signals for superoxide were significantly elevated in the myocardial tissue ( Figure 6A ) and coronary arterioles ( Figure 6B ) from TAC mice. In the presence of H-1152, the elevated superoxide in these tissues was reversed to the level similar to that found in sham mice ( Figure 6 ). 
ROCK and NO-related arteriolar function
Incubation of coronary arterioles from sham mice with superoxide scavenger Tempol or ROCK inhibitor H-1152 did not affect ACh-induced vasodilation, which was sensitive to L-NAME ( Figure 7A ). However, Tempol significantly attenuated vasoconstriction to ACh in TAC mice ( Figure 7B ). The effect of Tempol was abolished in the presence of L-NAME. Treating coronary arterioles from TAC mice with H-1152 almost abolished arteriolar constriction to ACh, and the effect of H-1152 was reversed by L-NAME ( Figure 7B ).
Discussion
This study characterized coronary microvascular dysfunction in the mouse model of hypertensive myocardial hypertrophy. Ultrasound echocardiography demonstrated decreased resting LCABV and compromised coronary blood flow in response to metabolic activation, which was associated with elevated myocardial lactate level. Coronary arterioles exhibited impaired endothelium-dependent NO-mediated vasodilation, enhanced ET-1-induced vasoconstriction, and elevated superoxide production. The overexpression of ROCK and its signalling appears to be responsible for the altered microvascular function via elevated oxidative stress in the vascular wall. The TAC mouse model has been adopted for studying the mechanism of pressure overload-induced cardiac hypertrophy and myocardial dysfunction. [25] [26] [27] [28] Although the structural and functional changes and the mechanism of myocardial hypertrophy in response to pressure overload have been well studied, 27, 29 its impact on the coronary microcirculation remains unclear despite that myocardial ischaemia is commonly observed. 30, 31 In this study, TAC significantly increased heart to body weight ratio by 45% at 4 weeks post-operation, a result comparable to that reported by others. 23, 32, 33 Decreased left ventricular fractional shortening was also observed in the TAC mice, indicating the decrease in cardiac function toward the decompensated phase of heart failure. This is consistent with the results reported in a similar mouse model at 4 weeks after TAC. 22 Although coronary perfusion pressure was not measured in this study, the observed reduction in baseline LCABV (by 14%), in association with elevated aortic pressure by coarctation, suggested that coronary perfusion might be compromised due to increased coronary resistance in TAC mice. This context is supported by a recent finding that the reduction in left ventricular blood flow under resting condition correlates positively with the development of cardiac hypertrophy and left ventricular dysfunction in TAC mice. 34 The myocardial hypertrophy derived by hypertension is expected to increase cardiac workload and oxygen demand, which should be met by increased myocardial perfusion. However, the deficiency of resting coronary blood flow might have led to ischaemia in the hypertrophied heart as shown by elevation of the left ventricular lactate level in this study ( Figure 2) . It is speculated that the reduced oxygen supply might have direct functional impact on Table 1 ) and may promote myocardial apoptosis and fibrosis toward heart failure. 30 It is well documented that coronary blood flow is closely regulated to meet the metabolic demand of the cardiac tissue. Myocardial activation by isoproterenol caused an increase in HR and a corresponding LCABV increase in sham mice. However, isoproterenol failed to increase LCABV in TAC mice despite the HR was elevated comparably with sham mice (Figure 1) , indicating the impairment of coronary flow regulation of hypertrophied heart in response to increased metabolic demand. Because the diminished coronary flow reserve is generally observed in the pathological cardiac hypertrophy, 30, 33, 35 it is likely that the already exhausted coronary reserve under the resting condition might have Figure 3 Deficiency of endothelium-dependent NO-mediated coronary arteriolar dilation in TAC mice. (A) ACh induced concentration-dependent dilation of coronary arterioles from sham mice (Sham, n = 6). In the presence of NO synthase inhibitor L-NAME (10 -5 M), the vasodilation was reversed to vasoconstriction (Sham þ L-NAME, n = 6). Coronary arterioles from TAC mice constricted to ACh (TAC, n = 9) and L-NAME had no effect on this vasoconstriction (TAC þ L-NAME, n = 6). to support this view. Moreover, the changes in vascular density 31, 36 and/ or remodelling of coronary vascular structure 37 during the development of ventricular hypertrophy might also physically hinder coronary blood flow. Another possible contribution is the dysfunction of coronary resistance arterioles that fail to regulate coronary blood flow during metabolic activation as discussed below. The recent study from van Nierip et al. 34 demonstrated the correlation of left ventricular hypertrophy and decline in left ventricular function with a general diminish in regional myocardial perfusion in the mouse TAC model. Similarly, this study demonstrated the deficiency of metabolic regulation of coronary blood flow in TAC mice. However, the potential mechanism contributing to the observed perfusion deficiency remains unclear. In this study, we characterized the vasomotor function of isolated coronary arterioles without confounding influences from systemic or local neural, humoral, haemodynamic, and metabolic changes. We first examined the endothelium-dependent NO-mediated vasodilation of coronary arterioles, since this vasodilator mechanism plays a critical role in coronary flow regulation. 10, 15, 24 We found that ACh caused concentration-dependent dilation of coronary arterioles isolated from sham mice and this vasodilation was converted to vasoconstriction by the NO synthase inhibitor L-NAME ( Figure 3A) . This is consistent with the reports in mice that ACh triggers NO-mediated vasodilation in the coronary circulation. 38, 39 In contrast, coronary arterioles isolated from TAC mice constricted exclusively to ACh and this vasoconstrictor response was not altered by L-NAME ( Figure 3) . Moreover, both sham and TAC vessels exhibited similar dilation to the smooth muscle relaxing agent SNP, suggesting the selective loss of endothelium-dependent NOmediated vasodilation while preserving normal smooth muscle contraction and relaxation in these TAC vessels. Since endothelial NO is released upon shear stress (flow) stimulation 7, 40, 41 and plays an important role in not only counteracting myogenic vasoconstriction 24 but also improving functional hyperemia in the heart, 10 the absence of this NO-mediated vasodilator mechanism in the hypertensive heart in vivo is conceivable to enhance myogenic tone (i.e. vascular resistance) and compromise flow regulation during metabolic activation. 42, 43 This may, in part, explain the absence of isoproterenol-induced coronary flow recruitment in TAC mice in our study. In the myocardium, the ET-1 expression is generally elevated in the ventricles subjected to pressure overload 44, 45 and consequently contributes to myocardial hypertrophy via autocrine and paracrine regulation. 29, 46, 47 Disruption of the ET-1 gene or blockage of endothelin receptors mitigates the development of cardiac hypertrophy elicited by either hormonal stimulation 48 or haemodynamic stress. 49 Moreover, the endogenous cardiac ET-1 exerts a positive inotropic effect on cardiac contraction. 29, 50 We found that the expression of ET-1 in the left ventricular tissue was elevated in TAC mice ( Figure 5A ), which might be helpful to sustain cardiac function during adaptation to pressure overload. In the vasculature, the ET-1 peptide is produced mainly by the endothelium as one of the most potent coronary vasoconstrictors 13 with half maximal effective concentration at the nanomolar range from various mammalian species, including mice (1.0 nM) 51 and humans (3.5 nM). 52, 53 The normal circulatory level of ET-1 in the peripheral blood is about 1-3 pM (2-8 pg/ml) and rises two-to four-fold in patients with hypertension or ischaemic heart disease. [54] [55] [56] [57] [58] Therefore, the coronary response to ET-1 at concentrations from picomolar to nanomolar was examined in this study. Interestingly, the ET-1-induced vasoconstriction was augmented in coronary arterioles isolated from TAC mice ( Figure 4) . The increased vascular sensitivity and responsiveness to ET-1, in addition to the elevation of myocardial ET-1, is expected to accentuate the vasomotor tone and vascular resistance, especially in the absence of opposed endothelial vasodilator NO (Figure 3 ). It appears that the ROCK inhibitor H-1152 significantly decreased superoxide production in the myocardium. positive inotropic and mitogenic properties of ET-1 might benefit myocardial function and survival at the expense of jeopardizing coronary vascular function and regulation by evoking arteriolar constriction, and thus reducing resting coronary blood flow and limiting metabolic hyperemia as observed in this study. ROCK has been implicated in mediating diverse biological functions of various cells and the abnormal activation of ROCK can contribute to the development of cardiovascular diseases, including hypertension and cardiac hypertrophy. 59 The myocardial expression of ROCK1 and ROCK2
isoforms was found to increase in the ventricular tissue subjected to pressure overload. 22, 60 In the mice, deletion of ROCK1 appears to reduce the development of fibrosis 60 and improves contractile function 61 without altering pressure-induced ventricular hypertrophy. On the other hand, ROCK2 deletion reduces ventricular fibrosis, cardiac apoptosis and the development of cardiac hypertrophy in response to neurohumoral or haemodynamic stress. 62 Although these studies have demonstrated the importance of ROCK signalling in the pathogenesis of ventricular hypertrophy, the role of ROCKs in pathophysiological regulation of coronary microvasculature remains unknown. We found that both ROCK isoforms were significantly upregulated in the coronary arterioles isolated from TAC mice ( Figure 5B ) and administration of ROCK inhibitor H-1152 abolished the enhanced vasoconstriction in response to ET-1 ( Figure 4) . These results demonstrated for the first time on ROCK expression in the coronary microvasculature and its contribution to the alteration of vasomotor function in the hypertrophied heart. Although the signalling mechanism underlying the vasoconstriction of coronary microvessels to ET-1 remains unclear, ROCK has been shown to modulate calcium sensitivity 63 and phosphorylation 17 of contractile myofilaments, and thus regulates the force of smooth muscle contraction. In view that increased mechanical stress (e.g. hypertension) is known to activate ROCK signalling in the vascular wall, 64 the enhancement of contractile dynamics of myofilaments by ROCK in the vascular smooth muscle adapted to high blood pressure may likely contribute to the enhanced vasoconstriction to ET-1. Interestingly, the oxidative stress that generally associates with ventricular hypertrophy in pressure overload 22, 62, 65 is significantly attenuated, along with the reduction of ventricular hypertrophy, in the mice overexpressing dominant-negative ROCK in the heart. 22 This in vivo study suggested the critical link of ROCK signalling to the oxidative insult in the hypertrophied myocardium. 22 However, it is unclear whether the reduced oxidative stress in the ventricular tissue is a direct result of ROCK inhibition or a secondary effect associated with the reduction of cardiac hypertrophy by ROCK. In this study, the signals for superoxide production in TAC mice were significantly elevated in both myocardium and coronary arterioles in a manner sensitive to ROCK inhibition ( Figure 6 ). These results suggest that ROCK activation might have contributed to the oxidative stress observed in the myocardium and vasculature in the heart subjected to pressure overload. Overexpression of cytoplasmic superoxide dismutase in the heart has been reported to ameliorate pressure overload-induced cardiac hypertrophy, 65 indicating the pivotal role of redox activity in mediating the development of this adaptation. Interestingly, administration of superoxide scavenger Tempol with a concentration that is known to reduce superoxide production in the myocardium or isolated vessels in our previous studies 66, 67 significantly attenuated ACh-induced constriction of coronary arterioles from TAC mice ( Figure 7B ). It appears that the beneficial action of Tempol on vasomotor activity is to improve the bioavailability of endothelial NO because L-NAME effectively abolished the response ( Figure 7B ). Our data agree with the well-documented findings on the induction of endothelium-dependent vasomotor dysfunction by oxidative stress through modulating NO bioavailability. 15, 68, 69 Consistent with the observed anti-oxidant action of H-1152 in this study ( Figure 6 ), inhibition of ROCK by H-1152 attenuated ACh-induced arteriolar constriction in TAC mice in a manner sensitive to L-NAME, an effect similar to that exerted by Tempol ( Figure 7B ). It is worth noting that both Tempol and H-1152 did not alter coronary vascular response to ACh in sham mice ( Figure 7A ). Collectively, our findings support the role of ROCK activation in mediating superoxide production and consequently compromising vasomotor activity by reducing endothelial NO for vasodilation in the heart subjected to pressure overload. Although we did not address the source of superoxide in this study, the investigation on cardiovascular hypertrophy in the rat suggested that the activation of NAD(P)H The vasodilation was reversed to vasoconstriction in the presence of L-NAME (Sham þ Tempol þ L-NAME, n = 6; Sham þ H-1152 þ L-NAME, n = 6). R, Resting Diameter; *P < 0.05, repeated measures two-way ANOVA with Bonferroni multiple-range test.
(B) Acetylcholine induced concentration-dependent constriction of isolated coronary arterioles from TAC mice. Superoxide scavenger Tempol significantly attenuated the vasoconstriction (TAC þ Tempol, n = 6). The effect of Tempol was abolished by L-NAME (TAC þ Tempol þ L-NAME, n = 6). ROCK inhibitor H-1152 also significantly attenuated the vasoconstriction to acetylcholine (TAC þ H-1152, n = 6) in a manner sensitive to L-NAME (TAC þ H-1152 þ L-NAME, n = 6). R, Resting Diameter; *P < 0.05, repeated measures two-way ANOVA with Bonferroni multiple-range test.
Coronary dysfunction in myocardial hypertrophy oxidase is responsible for the angiotensin II-elicited oxidative stress in the vascular cells via ROCK signalling. 19 However, it remains unclear whether the same pathway is utilized in the myocardium. It is worth noting that exposure of coronary arterioles to a pathophysiological, subvasomotor concentration of ET-1 can lead to vascular dysfunction by impairing endothelium-dependent NO-mediated dilation via superoxide production from redox oxidase. 67 The elevated level of ET-1 in the hypertrophied heart might evoke oxidative stress in both myocardium and vasculature in our study and thus contribute to the observed coronary dysfunction. Although it has been suggested that ROCK can be the downstream effector of ET-1, 17, 18 it remains unclear in this study whether ET-1 triggers ROCK activation for superoxide production in the model of ventricular hypertrophy.
In conclusion, we have demonstrated the impairment of cardiac and coronary microvascular function in the mouse model of hypertensive myocardial hypertrophy. Activation of ROCK signalling may play a central role in the mechanism leading to oxidative stress and coronary arteriolar dysfunction by enhancing vasoconstriction to ET-1 and impairing endothelial NO-mediated vasodilation. These microvascular changes may explain the observed reduction in resting coronary blood flow and impairment of flow recruitment during metabolic activation. This vascular maladaptation is expected to promote ventricular decompensation and consequently lead to heart failure in pressure overload. ROCK inhibition might benefit both cardiac and coronary function by improving vasodilation to endothelial NO, normalizing vasoconstriction to ET-1, and alleviating oxidative stress posed on the hypertrophied heart.
